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Several developments in the past few years have led to the increas-
ing use of real-time x-ray systems for Non-Destructive Evaluation of 
products. One factor has been the improved capabilities of x-ray gener-
ators and of the cameras which convert the x-ray image to a video signa]. 
Another consideration has been the increased cost of x-ray film. Per-
haps the most important development, however, will turn out to be the 
availability of reasonably priced, real-time, video rate digital image 
processing systems. At the present tirne this equipment is considered 
an important though often optional component in many real-time systems; 
however, as the capabilities of this equipment become more widely ap-
preciated and as performance expands while becoming less expensive it is 
reasonable to proj ect that it will carne to be' regarded as a standard 
part of most renl-time x-ray systems. 
Film has traditionally offered three advantages over real-time: 
1) Retter contrast resolution, 2) better spatial resolution, and 3) 
an archival quality record of the image. Now, with the use of digital 
inage processing technology, these advantages Iose much of their force. 
By using signal integration in digital memories of adequate word length, 
better contrast discrimination can be achieved digitally than with film. 
Spatial resolution is still better with film but through edge enhance-
ment techniques plus the ability to view a series of smaller fields of 
view in rapid succession, this advantage is largely overcome. Finally, 
the increasing storage density of magnetic media and the recently devel-
oped optical digital disk provide image storage alternatives that are 
competitive with film. 
This paper describes the capabilities now available from units 
which combine real-time ima~e processing functions with micro-computer 
based image analysis functions and also discusses some of the ways in 
which this capability is beine applied. 
EQUIPMENT DESCRIPTICN 
Figure 1 is a diagram of a real-time x-ray system which includes 
an image processor. This diagram provides the context for the subse-
quent discussion which concentrates on the image processor itself. Most 
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Fig. 1. Block diagram of a real-time x-ray inspection system. 
image processing equipment utilizes some t ype of compu t er, ei ther a m1 n1, 
or micro, or in some cases one of the new personal compute r s. It is 
possible to time-share this computer so tha t it can be used to control 
other elements of the system such as the x-ray generator parameters and 
positioning equipment as well as function as part of the image processor. 
While this paper will discuss a particular image processor recentl y 
developed by Quantex Corporation, much of the information i s character-
istic of other products currentl y being offe red. Figure 2 is a photo-
graph of this design. The basis for thi s produc t is a 16/32-bit micro-
computer, the CS-9000, made by IBM. Quantex designed a nd ins t a ll ed in 
the available card slots severa! high-speed digital image processing 
circuit boards. Also added was custom software to control the real-time 
processing and analyze the images acquired into memory . Othe r software 
has been written to perform additional non-rea l-t ime image processi ng . 
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Fig . 2 . Photograph of the QX- 9000 real-time image proce s s ing and 
ana l ysi s system. 
Figure 3 shows the interna! organization of the unit. The computer 
uses a 68000 microprocessor as its CPU and the Versabus standard. The 
CRT terminal includes 10 soft keys below the CRT which may be labeled 
with menu choices for controlling the system. Messages and system status 
are displayed above the menus. Additional operator control is provided 
by a 57 key keypad located just above the standard IBM keyhoard. Also 
provided is a menu optionally displayed on the TV monitor together with 
a Mouse controlled cursor. 
DIG IT AL IMAGE PROCESSOR BLOCK DIAGRAM 
Fig. 3. Block diagram of a micro-computer based real-time image proces-
sing and analysis system. 
For routine production use, this control capability is more extensive 
than needed and can unnecessarily complicate the training of operators 
in how to use it. To deal with this, a basic operator's menu can be dis-
played directly on the TV monitor and the keyboard/keypad and the CRT 
terminal eliminated. In addition, frequently used set-ups can be memo-
rized and recalled with a single selection with the Mouse. 
The next several paragraphs briefly describe the basic elements of 
the hardware design and how it operates. A later section will discuss 
the ways in which it can satisfy important requirements in the non-
destructive evaluation field. 
Hardware Operation 
After signal conditioning by the preamp, the video is digitized at a 
12 Mhz rate to 8-bit precision. This rate yields 640 samples per scan 
line. The digital video is then sent to a board which combines a frame 
memory, a pipelined processor, and a memory control section. The memory 
stores 307,200 12-bit values organized into a 480 x 640 array. The pipe-
lined processor consists of several ALU's, mu1tiplexers, scalers, and a 
12-bit look-up table (LUT). All data paths except the input from the A/D 
converter are 12 bits wide. 
The memory control unit supports various memory features such as 
zoom, roam, and scroll. The memory's multi-port design allows the unit 
to simu1taneously perform a moving average on the incoming data while 
disp1aying a zoomed portion of this dynamic image. 
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After processing and/or storage of the image, the digital video is 
sent back to the output side of the analog board where it is passed 
through three parallel LUT's and then to three DAC's (Digital to Analog 
Converters) for output to color or monochrome display monitors. Also on 
this board is a 480 x 640 x 1-bit graphics memory which is used to over-
lay alpha-numeric and graphics data on the display. 
Figure 4 shows a more complex system in which a real-time spatial 
filter board as well as a second processor/memory board has been added. 
The spatial filter board performs a real-time convolution on the incoming 
digital video with a kernel function which may be selected by the opera-
tor. If the function is simply a two-dimensional rectangle then the 
result is to perform a spatial average on the data thereby attenuating 
edge information but also reducing random noise in the image. The size 
of the function is N x N or N x 1 or 1 x N where N is odd between 3 and 
15. 
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Fig. 4. Diagram of expanded processor containing two processor/memory 
boards plus a real-time convolver for two-dimensional spatial 
fil tering. 
By subtracting this low-passed image from the original image the 
difference image becomes a high-passed image consisting only of edges or 
areas of brightness variation. The spatial frequency response of the 
system is determined by the size of the kernel function. 
The second processor/memory board enables the system to perform some 
important additional functions such as reducing the noise of difference 
images produced by the first board, or storing two images obtained by an 
earlier time for subsequent combined processing. The dual boards also 
allow image division and multiplication to be performed in real-time 
using log and inverse log functions loaded into the LUT's. 
Software Description 
In addition to the control software which displays menus and system 
status, an expanding family of software has been written which falls into 
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two categories. First is image analysis software which extracts data 
about the image acquired into memory. The second category is software 
designed to modify the image in ways that may be useful to the observer. 
Some of the analysis software is designed to communicate directly 
with the user in an interactive way. For example, measurements of pic-
ture values along a line require the user to position a cursor defining 
the start and end of the line. Picture value at a point, histograms in a 
region, etc. require the user to specify the point or region. Once 
specified the software quickly makes the measurement and displays the 
result either overlaid on the image or on the CRT. Some analysis pro-
grama simply require selection and perhaps specification of one or two 
parameters. Table I lists some of the more useful analysis functiona 
available. 
TABLE I 
IMAGE ANALYSIS FUNCTIONS 
Picture value at a point. 
Average and integrated picture value in a rectangle or arbitrary 
region of interest. 
Picture values along a line of arbitrary length and orientation. 
Histogram (Picture Value Distribution) in an arbitrary rectangular 
region. 
Histogram transfer function. 
Calibrated length measurement between arbitrary positions. 
Calibrated area measurements in a rectangle or arbitrary area. 
(Area may be defined by drawing with a Mouse or as a region 
enclosed by a line of constant picture value.) 
Isophote: Graphic overlay of all picture elements with picture 
values within a designated interval. 
Contouring: Overlay of colored bands showing image areas having 
a common range of picture values. 
Dynamic Image Analysis: Programs to measure and display changes 
in picture value with time, to sample and subsequently display 
a mosaic of sub-images taken over time, and others. 
To meet the need for fully automatic inspection, many of the analy-
sis functions of Table I as well as others need to be applied in a non-
interactive mode. This is quite straightforward to do once the inspec-
tion task is well understood. Building on the basic functiona and adding 
others, fully automatic inspection can be readily performed. 
An example of an additional analysis function is one called Auto-
particle Count. The input parameters are brightness threshold and 
minimum particle size. The program then analyses the image and identifies 
all objects in the specified region or the entire image which have a base 
brightness or picture value above the specified threshold and which are 
having more picture elements (pixels) than the minimum specified. It 
also outputs the mean size, the mean picture value, and the standard 
deviation of these values. This program cananalyze an entire image, 
(307,,200 pixels) in less than three seconds. An example is shown in 
Figure 5. 
Successful implementation of many of these analysis functiona de-
pends on the availability of an image with good signal-to-noise ratio. 
In addition, the other real-time capabilities of the hardware portion of 
the system can pre-process an image so that much less time is needed by 
the software to extract the needed data for automated inspection. 
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Fig. 5. Processed and analyzed image of a part having a number of flaws 
which have been automatically detected and analyzed in less than 
faur seconds. 
In addition to the image modifying alogrithms implemented by the 
hardware, a number of software based methods are also prov ided. These 
include the following: Histogram Equalization, Spatial Average, Median 
Filter , Sobel Edge Detection, and Sobei Tangent. In some cases these 
algorithms can be used to advan t age prior to analysis for automa t ed 
inspection. Unfortunately, some of the more effective ones such as the 
Sobel edge detection process, or the median filter take more time 
(typically tens of seconds) than is usually available. 
APPLICATIONS 
In the space available only a brief survey of some of the ways in 
which the capabilities mentioned i n the preceding are being applied . 
Noise Reduction 
In almost every application the need a rises to increase the signa l-
to-noise ratia (SNR) in the image. Real-time x-ra~ video at best can 
usually benefit from some improvement. When looking through thicker 
samp.les, the x-ray photon flux availab l e during a frame time is insuffi-
cient to yield the SNR needed to discriminate small changes in image 
brightness. The most common t echnique used to increase SNR is to perform 
an exponentially weighted moving average on the video using the alogrithm: 
[D(a/d) - D( rm)](l/N) + D(rm) D(wm) 
Where : D(a/d) Pixel va lue from the A/D Converter 
D(rm) Pixel value read f r om memory 
D(wm) Pixe l value written to memory 
N Averaging pa rameter (Usually limited to 
powers of 2) 
Larger values of N increase SNR but introduce l ag or smear into 
moving images. An a lternative method is simp l y to s um a s eries of frames 
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into memory. For either method, it is important to have sufficient 
memory depth to avoid truncation errors while achieving sufficient image 
integration. Figure 6 compares the results of summing followed by 
contrast expansion of a low contrast image into an 8-bit memory and a 
12-bit memory. The irnprovement in SNR obtainable is given by the formula: 
SNR Improvement Ratio = [2*expB/SNR(in)]exp(l/2) 
Where: B = Memory word length (depth) 
Fig. 6. Comparison of low contrast x-ray image that has been summed 
and contrast enhanced with an 8-bit and a 12-bit deep memory. 
After a good SNR has been obtained, the next most common technique 
is to perform contrast expansion. The simplest procedure is to subtract 
a fixed value from every pixel and increase the gain of the remainder. 
This so-called windowing process is diagrammed in Figure 7 along with an 
example. 
UNPROCESSED CO NT RAST ENHANCED 
Fig. 7. Contrast expansion of a low contrast radiograph of a casting. 
831 
Windowing works well when the region of interest contains a sing\p 
narrow distribution of picture values. When a more comp lex distribution 
occurs, histogram equalization is very effective. This procedure con-
sists of measuring the histogram of the ROI (Region Of Interest), comput-
ing the definite integral of this distrihution, and using this function 
to transform the origina l values into a new distrihution . This has the 
effect of expanding the compressed (low contrast) a reas, and compressing 
the high contrast a reas. Figure 8 shows an examp le of a radiograph of a 
cylinder having a sma\1 crack which was not noticed in the original rarlio-
graph prior to processinp,. 
Fig. 8. Example of histogram equalization on an x-ray image of a cast 
part havinp, a small crack. 
Figure 9 shows an example of histogram analysis in which the corroded 
area is characterized by the broadenerl histogram. These distrihutions 
can be r educed to a few numbers by computinp, their mean, standard devia-
tion, and if needed their higher moments. These numbers in turn can be 
used in automatic inspection methods to compare with es tablished i nspec-
tion criteria. The data in this and the other examples was computed and 
displayed in less than 2 to 3 seconds. 
Fig. 9 . Histogram analysis of a corroded and non-corroded a r ea . 
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A concluding example, Figure 10, shows the remarkable capability of 
real-time spatial filtering in bringing out very low contrast detail in 
an image. The unprocessed image of a radiograph of a pipe shows a large 
amount of shading which is removed when only the high spatial frequencies 
are transmitted as shown in the second i mage of the figure. In the third 
image, the greatly amplified edge image is added to the original image 
resu l ting in a more natural and easily interpreted image. Finally, in 
the last s egment of the result of transmitting only the vertical high 
spatial frequency content of the image is shown. This has the effect of 
removing vertical structure from the image which in this case is primar-
ily the overlying IQI image. 
Fi g . 10 . Exampl e of r eal - time spatia l fi l t e ring . 
CONCLUSION 
The r apid arlvances in el ec tronic technol ogy in terms of processi n~ 
power a nd s peed as wel l as the downward trend i n cos t both in abso lu t <> 
terms and in cost per function, is having an increasingl y i mportant 
effect on the abil i ty to manufacture higher qua l ity products at lower 
cos t. As these capabilities are more wide ly demonstra ted and apprecia t ed 
it is r easonabl e to pr oject tha t they wil l become a standard part of mos t 
x-ray i ns pec t ion systems . Whi l e this capability will be used frequently 
as a visua l enhancement aid t o human i nspector s , a l arger potentia l is 
seen i n the capac i ty t o produce quanti tat ive produc t characteriza t ion 
which may be used to screen products but mor e importan tly , may be used 
t o improve the manuf acturing process itself . 
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